. the last steel plate was welded to close the main span of the Normandie Bridge. which, at 856 m. is the longest cable-stayed span in the world today (Figs. 1. 2). The Normandie Bridge will begin its service life in January 1995. This is an appropriate occasion to analyse its design and review the experience gained during the construction thus far.
But engineers already had some indications that cable-stayed bridges were very far from their limits: three major bridges had been built in Germany Walther. who proposed that concrete cable-stayed bridges can be economically built up to 600 m, and composite ones up to 800 m.
Recent Progress
The preliminary design of the Nor- The main aspects of the wind design of the Normandie Bridge are:
-The streamlined cross section of the deck, to reduce wind forces and to increase the aerodynamic stability of the bridge. The streamlining is clearly inspired from the English bridges mentioned above, but the final shape was selected for specific reason: it had to be adapted to both concrete and steel structures, since the deck is in prestressed concrete in the access spans ( Fig. 3 ) and in steel in the central part of the main span (Fig. 4 ).
-A high torsional rigidity, to clearly separate the vibration periods in torsion and vertical bending. For this reason, the deck is a box girder suspended on both sides. In addition, the pylons have the shape of an inverted Y to concentrate the higher anchorages of cables on the bridge longitudinal axis.
-The shape of the pylon -an inverted Y -is also extremely efficient at resisting transverse wind forces (Fig. 5 ).
-The concrete and steel composite press the concrete walls against the steel anchorage boxes to help the transfer of vertical forces from steel to concrete.
The steel anchorage tower (Fig. 7) was divided into 21 elements (the lower one being divided into two half-elements) to be lifted by the site crane (capacity: 20 t). and welded on site.
The typical element was designed to anchor a pair of cables on each side (Fig. 8) To be able to use it despite the slope. the contractors invented a so-called "staircas&' method for horizontal span launching (Fig. 9) 
Erection of the Main Span
The 116 m long concrete cantilever, which extends the side spans in the main one on each bank, and the 96 m long last side span have been built by the balanced cantilever method from the pylon with the help of temporary stays (Fig. 10) . In the last side span. the closure was made 6 m before reaching the pier with the incrementally launched typical spans. 
11-13).
A Vew Generation of Cables
The preliminary design called for locked coil cables, which were considered very well adapted to such long spans. but which are unfortunately very heavy. Their erection cost thus proved prohibitive.
For this reason, the contractors proposed alternative cables made of individually protected strands of hot-dip galvanised wires which were re-drawn to keep all their structural characteristics. After coiling and after the corresponding thermal treatment. the voids between wires were filled with oil wax to repel any water. The strand was then protected by extruded high densitv polyethylene at least 1.5 mm thick.
These strands were placed and tensioned one-by-one. Individual placement was extremely economical. but tensioning required a new technique. already developed by the cable supplier for the erection of three bridges: the Arrade and Guadiana Bridges in Portugal, and the Chalon-sur-Saône Bridge in France. The first strand of each cable is tensioned to a computed value and equipped with a pressure cell which gives the tension at any time. Each new strand, when installed. is tensioned to have exactly the same tension as the pilot strand at that precise moment, which is given by the cell.
All strands thus receive the same ten- helped the project er much, and from the summer of 1991. all contractors worked with enthusiasm and energy to complete the bridge on schedule. within budget and up to the prescribed standards of quality. 
